ABSTRACT: This study investigated if supplementing the diet with seaweed extracts (SWE) containing laminarin and fucoidan would promote growth performance, nutrient digestibility, and fecal consistency in newly weaned piglets during 2 growth phases as compared with ZnO. The experiment was designed as a 2 × 2 factorial with 2 levels of SWE (0 or 300 mg/kg laminarin + 240 mg/kg fucoidan) and 2 levels of ZnO [0 or added (3.1 g/kg for the starter diet and 2.5 g/kg for the transition diet)]. Dietary treatments were (i) basal diet, (ii) basal diet + ZnO, (iii) basal diet + SWE, and (iv) basal diet + ZnO + SWE. Newly weaned 6.5-kg pigs (n = 12; 4 pigs per pen) were offered supplements in a starter diet from weaning (day 0) to day 21 and in a transition diet from day 22 to day 40. There was an interaction (P = 0.005) between SWE and ZnO on G:F whereby pigs supplemented with SWE and ZnO individually had improved G:F when compared with the combination diet. There was an interaction between SWE and ZnO interaction on digestibility of DM (P < 0.01), N (P < 0.01), and NDF (P < 0.01). Pigs offered the SWE diets alone had a higher digestibility of DM, N, and NDF compared with pigs offered the basal diet. In summary, SWE induced a comparable growth performance pattern as obtained with ZnO inclusion. However, this was negated when supplements were offered in combination. Improvements in growth performance of pigs consuming SWE alone may refl ect improvements in nutrient digestibility.
INTRODUCTION
The weaning process introduces a growth check in piglets and increased susceptibility to diarrhea. This is particularly diffi cult to control in the absence of in-feed antibiotics, which have been banned in the European Union since 2006. The inclusion of ZnO as an in-feed growth promoter has been used, demonstrating improvements in growth performance and a reduction in postweaning diarrhea (Molist et al., 2010) . However, ZnO use increases Zn excretion, which may pose an environmental hazard. The potential to use seaweed extract (SWE), rich in laminarin and fucoidan, as infeed growth promoting additives in weaned piglet diets has been shown (Reilly et al., 2008; Gahan et al., 2009 ). Laminarin and fucoidan are complex polysaccharides found in brown algae, which have previously demonstrated immuno-and microbial-modulating properties in vivo (Reilly et al., 2008) . The objective of this study was to investigate the effect of SWE on growth performance, nutrient digestibility, and fecal score in weaned piglets as compared with ZnO. The presence of any confl icting or synergistic relationships between SWE and ZnO was also evaluated by offering the additives in combination.
MATERIALS AND METHODS
The experimental period spanned 2 dietary phases: a starter diet from day 0 after weaning to day 21 and a transition diet from day 22 to day 40. The SWE inclusion rate was based on previously optimized concentrations. The experiment was designed as a 2 × 2 factorial with 2 levels of SWE (0 and 300 mg/kg laminarin + 240 mg/kg fucoidan) and 2 levels of ZnO [0 and 3.1 g/kg (starter diet) or 2.5 g/kg (transition diet)]. One hundred ninetytwo piglets with an initial BW of 6.5 ± 0.785 kg were penned in groups of 4 on the basis of BW, and each pen (n = 12) was assigned to 1 of 4 dietary treatments: (i) basal diet, (ii) basal diet + ZnO, (iii) basal diet + SWE, and (iv) basal diet + SWE + ZnO. The SWE was derived from Laminaria spp. and sourced from BioAtlantis Ltd (Kerry, Ireland). Dietary composition of diets used during phase 1 (starter diet) and phase 2 (transition diet) are presented in Table 1 . Pigs were weighed at the beginning of the experiment day 0 (day of weaning), day 21, and day 40. Feed was available up to weighing and then weighed back for the purpose of calculating G:F. To ascertain comparability between experimental diets and to calculate the coeffi cient of apparent total tract digestibility (CATTD) of selected nutrients, proximate analysis of diets and feces was carried out as detailed by O'Shea et al (2011) . Clinical signs of diarrhea in each pen were noted from day 0 to day 40 using a scoring system (Pierce et al., 2005) . The scoring system assigned values ranging from 1 = hard, fi rm feces progressing to 5 = watery, mucous-like feces (severe diarrhea). No antibiotics were administered throughout the course of the experimental period. Fresh fecal samples were collected daily from all pens on day 10 to day 15 for the determination of nutrient digestibility using the AIA technique (McCarthy et al., 1974) . Experimental data were analyzed as a 2 × 2 factorial using the GLM procedure (SAS Inst. Inc., Cary, NC). The statistical model included the main effects of SWE and ZnO and the interaction between SWE and ZnO. The individual pen served as the experimental unit. The data in the tables are presented as least square means ± SEM.
RESULTS
There was an interaction (P < 0.01) between SWE and ZnO supplementation on ADFI (P < 0.01) and G:F (P < 0.005) during the transition period (day 22 to day 40) and during the entire experimental period (day 0 to day 40; P < 0.05; see Table 2 ). When SWE alone was offered to pigs they had decreased ADFI and increased G:F compared with pigs offered diets containing SWE and ZnO. Pigs offered diets supplemented with ZnO had a reduced fecal score during the starter period (days 0 to 21; P < 0.05) and during the overall experimental period (days 0 to 40; P < 0.05) when compared with pigs offered diets without ZnO supplementation (Table 2 ). There was an interaction (P < 0.01) between SWE and ZnO on the CTTAD of DM, N, and NDF. Pigs offered the SWE diet alone had a higher CTTAD of N, DM, and NDF compared with pigs offered the basal diet. However, there was no effect of SWE when added to ZnO diets in combination (Table 2) .
DISCUSSION
Consumption of the diet containing both SWE and ZnO increased ADFI when compared with singular inclusion of either SWE or ZnO. An increase in ADFI is regarded as a positive event due to the typically depressed appetite that characterizes the early stages of the postweaning period. However, this improvement in feed consumption was not mirrored by an improvement in feed effi ciency; pigs consuming the diet containing both SWE and ZnO had a poorer G:F when compared with those consuming SWE and ZnO individually. This observation suggests that from a feed effi ciency perspective, the singular consumption of SWE may offer greater potential rather than combining with ZnO. Analysis of CATTD supports this assertion, with pigs consuming SWE alone having considerably improved nutrient digestibility when compared with the combination diet. Consumption of the ZnO-only diet did not improve nutrient digestibility, which indicates in this study that the mechanism whereby ZnO improves growth performance differs from that of the SWE. Consumption of ZnO reduced fecal score, which suggests an alteration in microbial activity in the distal intestine. In summary, ADFI was improved through co-consumption of SWE and ZnO; however, offering these additives individually improved G:F. 
